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XUEDQDUHDVZLOOULVH IURPWRGD\WRDURXQG81$OUHDG\WRGD\WKRXJK LW LVDFRPPRQ
SUREOHPLQPRVWFLWLHVWKDWURDGVDUHFRQJHVWHGXVXDOO\DURXQGWKHUXVKKRXUEXWRIWHQDOVRGXULQJ WKH
QRUPDOZRUNLQJKRXUV7KHVHFRQJHVWLRQVDUHLQSDUWFDXVHGE\LQGLYLGXDOWUDIILFLQFOXGLQJFRPPXWHUVRQ
WKHLUZD\ WRZRUNDQGEDFNKRPH$VXEVWDQWLDO DPRXQWRI WUDIILF WKRXJK LVGHULYLQJ IURP LQQHUXUEDQ
ORJLVWLFV,Q%HUOLQXSWRRQHWKLUGRIWKHWUDIILFYROXPHLVGXHWRFRPPHUFLDOWUDQVSRUW6HQ6WDGW
7KHVHLQFOXGHGHOLYHULHVE\DOOVRUWVRIORJLVWLFVSURYLGHUVUDQJLQJIURPWKHVKRSVRZQORJLVWLFDOVHUYLFHV
WRH[SUHVV VHUYLFHVRU LQWHJUDWRUV HJ'+/717836)HG([ IUHLJKW IRUZDUGHUVRUPDLO 0HQJH	
+HEHV
,W LV WR EH H[SHFWHG WKDW ZLWK WKH SUHGLFWHG JURZLQJ QXPEHU RI LQKDELWDQWV RI XUEDQ VSDFHV XUEDQ





HOHFWULF YHKLFOHV IURP ³DGGRQ SDFNDJHV´ IRU DOUHDG\ XVHG YHKLFOHV WR HQWLUHO\ QHZO\ GHYHORSHG FDUV
YDQV ORUULHVDQG WUXFNV$IWDEX]]DPDQ	0D]ORXPL'HVSLWHDOO WKHVH WHFKQRORJLHVDQGYHKLFOHV
GHYHORSHG OLWWOH LV NQRZQ VR IDU DERXW WKH LPSDFWRQXVHUV DQG WKHLU DFFHSWDQFHRI WKHVH WHFKQRORJLHV
)LUVW WHVW DFFRPSDQLHG E\ WKRURXJK UHVHDUFK FDQ FRQWULEXWH WR EHWWHU XQGHUVWDQGLQJ XVHU QHHGV DQG
H[SHFWDWLRQV WRZDUGV HOHFWULF YHKLFOHV 7KLV NQRZOHGJH LV LPSRUWDQW LQ RUGHU WR HQVXUH WKDW IXUWKHU




0H\HU WKH LPSDFW RI HOHFWURPRELOLW\ RQ XUEDQ ORJLVWLFV LV UHIOHFWHG DQG WKH H[SHFWDWLRQV DVZHOO DV WKH
H[SHULHQFHRIWKHYDULRXVLQYROYHGVWDNHKROGHUVLVDQDO\VHG%DVHGRQWKLVH[DPSOHILUVWFRQFOXVLRQVFDQ
EHGUDZQRI WKHDGYDQWDJHVDQGFKDOOHQJHVRIHOHFWURPRELOLW\ IRUXUEDQGHOLYHU\FRQFHSWVE\PHDQVRI
WUDQVIHU7KHUHVHDUFK LVFORVLQJZLWKDQRXWORRNRQRSSRUWXQLWLHVDQG OLPLWDWLRQVRIHOHFWURPRELOLW\ IRU
ORJLVWLFV LQ FLWLHV DQG E\ UHIOHFWLQJ LQ KRZ IDU WKLV QHZ WHFKQRORJ\ FDQ FRQWULEXWH WR D UHGXFWLRQ RI
WUDQVSRUWDWLRQUHODWHGHPLVVLRQVLQXUEDQDUHDV
&DVHVWXG\±%HUOLQ
:LWKPLOOLRQ LQKDELWDQWV DQG FRYHULQJ DQ DUHDRIPRUH WKDQNPð%HUOLQ LV RQHRI(XURSH¶V
FLWLHVRQWKHIRUHIURQWRIHQFRXUDJLQJWKHVHDUFKIRUQHZDQGDOWHUQDWLYHWUDQVSRUWWHFKQRORJLHV2QHRIWKH
WRSLFV VXSSRUWHG LQ WKLV FRQWH[W LV WKH LPSOHPHQWDWLRQ RI HOHFWURPRELOLW\ 6HYHUDO RUJDQLVDWLRQV DQG
LQLWLDWLYHVZLWKLQWKHDUHDRI%HUOLQDQG%UDQGHQEXUJKDYHEHHQLQYROYHGLQDVHULHVRIWULDOVUHJDUGLQJWKH
XVDELOLW\RIHOHFWURPRELOLW\:KHUHDVPRVWRI WKHPIRFXVRQ WKHDSSOLFDELOLW\RI IXOO\HOHFWULFRUK\EULG
HQJLQHVRQSDVVHQJHUFDUVWKHWHVWVHULHVDQDO\VHGKHUHLVRQHRIWKHYHU\IHZUXQLQUHJDUGVWRORJLVWLFV
VHUYLFHV LQ XUEDQ DUHDV 7KLV SLORW SURMHFW LV VXSSRUWHG E\ WKH LQLWLDWLYH ³0RGHOOUHJLRQ %HUOLQ
%UDQGHQEXUJ´DQLQLWLDWLYHEDFNHGXSE\WKH*HUPDQ)HGHUDO0LQLVWU\RI7UDQVSRUW%XLOGLQJDQG8UEDQ
'HYHORSPHQW7KHSURMHFWVWDUWHGLQVXPPHUDQGZDVVFKHGXOHGIRUHQGLQJLQDXWXPQ
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7KHSURMHFWLWVHOIFRQVLVWVRIWZRORJLVWLFVSURYLGHUV±'+/DQGWKHIUHLJKWIRUZDUGHU0H\HU	0H\HU
ZKLFKWHVWUXQIXOO\HOHFWULFYHKLFOHV)(9IRUXUEDQGLVWULEXWLRQVHUYLFHVLQ%HUOLQ:KHUHDV'+/KDV




SHULRG RI DQ HQWLUH \HDU 7KH &(3 SURYLGHU '+/ RSHUDWHV WKH YDQV IRU LWV GHOLYHU\ URXWHV LQ WZR
UHVLGHQWLDO DUHDV RI %HUOLQ HDFK RI WKHPZLWK WKHLU RZQ KLJK VWUHHW RIIHULQJ D IXOO UDQJH RI VKRSV DQG
EXVLQHVVHVIRUGDLO\UHTXLUHPHQWVLQFOXGLQJGHSDUWPHQWVWRUHVDQGVKRSSLQJPDOOV0H\HU	0H\HUWKH
IUHLJKW IRUZDUGHU RSHUDWHV WKHLU ORUULHVZLWKLQ WKH FLW\ FHQWUH RI %HUOLQ IRU GHOLYHULHV WR D EUDQFK RI D
PDMRUWH[WLOHUHWDLOHUZKRVHGHOLYHU\UDPSLVORFDWHGLQVLGHDQXQGHUJURXQGSDUNLQJORW
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,WZDVWKHFHQWUDODLPRIWKHHPSLULFDOUHVHDUFKWRLQYHVWLJDWHWKHXVHUEHKDYLRUWKHSHUFHSWLRQRIWKH
YHKLFOHV DQG WKHLU XVH DVZHOO DV WKHYHKLFOHV¶ DFFHSWDQFH)RU WKLV SXUSRVH LQWHUYLHZVZHUH UXQ LQ WKH
IRUP RI SHUVRQDO LQWHUYLHZV EDVHG RQ TXHVWLRQQDLUHV ZLWK RSHQ TXHVWLRQV FRPSOHPHQWHG E\ PXOWLSOH













*HQHUDOO\ WKH LQWHUYLHZV IRFXVHG RQ TXDOLWDWLYH UDWKHU WKDQ TXDQWLWDWLYH IHHGEDFN ,QWHUYLHZHG
FXVWRPHUDQGQHLJKERUVKDGDYHU\KHWHURJHQHRXVEDFNJURXQGLQFOXGLQJPHQDQGZRPHQLQQHDUO\HTXDO
SDUWVDQGFRYHULQJYDULRXVSURIHVVLRQDOEDFNJURXQGVDVZHOODVDOODJHJURXSV$OOTXHVWLRQQDLUHVRIIHUHG












HOHFWULF YHKLFOHV IRU&RXULHU DQG([SUHVV 3DUFHO 6HUYLFHV&(36 DQG ORJLVWLF VHUYLFHV VR IDU FRYHUV WKH
FRPELQDWLRQ RI )(9V DQG XUEDQ FRQVROLGDWLRQ FHQWHUV LQ /RQGRQ %URZQH HW DO  DV ZHOO DV WKH
LQWHUPRGDOFRPELQDWLRQRIOLJKWUDLODQGHOHFWULFGLVWULEXWLRQYHKLFOHV$UYLGVVRQ
:LWKLQWKHSURMHFWSUHVHQWHGKHUHWKHIRFXVZDVRQWKHXVHRI)(9VIRULQQHUXUEDQ&(3VDVZHOODV
GHOLYHULHV'HVSLWH WKH IDFW WKDW RQ DPDFUR OHYHO WKHVH WUDQVSRUW VHUYLFHV RQO\ DFFRXQW IRU D UHODWLYHO\
VPDOOVKDUHRI WUDIILF WKHLUFRQWULEXWLRQ WR WKHGHQVHXUEDQ WUDIILF LVRI LQWHUHVWHYHQPRUHGXH WR WKHLU
YHU\ VSHFLILF URXWLQJ SDWWHUQV*LYHQ WKHLU UHODWLYHO\ VKRUW URXWHV LQPHWURSROLWDQ DUHDV ±&(3 VHUYLFHV
GULYHGLVWDQFHVRIDQDYHUDJHRIOHVVWKDQNPSHUGD\±WKH\VHHPWREHDILHOGRIXVHYHU\DGDSWIRUD
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PRYHWRHOHFWULFHQJLQHVLQVWHDGRIIXHORUGLHVHOPRWRUV)XUWKHUPRUHVXFKDVZLWFKWRHOHFWULFYHKLFOHV
IRU&(3 VHUYLFHV FRXOG WKHUHIRUH FRQWULEXWH WR D UHGXFWLRQ RI HPLVVLRQV LQ WKHPRVW VHQVLEOH DUHDV WKH
GHQVHO\ SRSXODWHG LQQHU XUEDQ SDUWV RI WRZQV RIWHQ FKDUDFWHUL]HG E\ VFKRROV NLQGHUJDUWHQV KRVSLWDOV
HWFDVLQQHUXUEDQGHOLYHULHVLPSDFWWKHHQWLUHXUEDQFRPPXQLW\0HQJH	+HEHV6WDNHKROGHUV









GLVWULEXWLRQ IRUVHYHUDO\HDUV7KHDYHUDJHGULYHUV¶DJH LQYROYHG LQ WKHSURMHFWZDV\HDUVVRPHRI
WKHPWKRXJKKDYLQJKDGDGLIIHUHQWFDUHHUSULRUWRMRLQLQJWKH&(3VHJPHQWDVDGULYHU7KH\DUHDOOYHU\
IDPLOLDUZLWK WKHDUHDDQG WKHURXWHVDVVLJQHG WR WKHP:KHQ LQWHUYLHZHGDW WKHEHJLQQLQJRI WKHSLORW
PRVWRIWKHGULYHUVKDGDFOHDUXQGHUVWDQGLQJRIFKDUDFWHULVWLFVRIWUDGLWLRQDOIXHOV\VWHPVDQGDOWHUQDWLYH
IXHO V\VWHPV VXFK DV ELRIXHO 7KH NQRZOHGJH RI SOXJLQK\EULG WHFKQRORJLHV IXOO DQG PLOGK\EULG
WHFKQRORJLHV DV ZHOO DV %DWWHU\HOHFWULF YHKLFOHV %(9 ZDV OLPLWHG WKRXJK VHH )LJXUH  'ULYHUV¶
([SHULHQFH:LWK $OWHUQDWLYH(QJLQH 7HFKQRORJLHV 3HULRG W RIWHQ WKH WHFKQRORJLHV QRW NQRZQ WR WKH
GULYHUV'HVSLWHWKLVODFNRINQRZOHGJHRIWKHWHFKQRORJLHVDQGQRSUHYLRXVGULYLQJH[SHULHQFHZLWKVXFK
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$QDO\VLVRI)LQGLQJV
7KH UHVXOWV IURP WKH SLORW SURMHFW LQ %HUOLQ FDQ EH GLYLGHG LQWR WZR PDLQ ILHOGV RI LQVLJKWV ´KDUG
IDFWRUV´ IDFWRUV UHODWHG WR WKH WHFKQLFDO XVDELOLW\ RI )(9V IRU XUEDQ ORJLVWLFV DQG ³VRIW IDFWRUV´ WKRVH
UHODWHGWRWKHJHQHUDOVWDNHKROGHUV¶DFFHSWDQFH
$V IDU DV WKH WHFKQLFDO XVDELOLW\  WKH KDUG IDFWRUV RI )(9V IRU XUEDQ ORJLVWLFV LV FRQFHUQHG WKH




LQVWUXPHQWVDVZHOODV WKHVSDFH LQ WKHGULYHU¶VFDELQZKHUHFRQVLGHUHGVDWLVIDFWRU\RUHYHQSRVLWLYHRQ
DYHUDJH+RZHYHU WKHUH DUH VRPH LVVXHV HVSHFLDOO\ LQ WKH&(3 VHJPHQWZKLFKSRVH IXWXUH FKDOOHQJHV
VXFK DV WKH VSDFH DW GLVSRVLWLRQ IRU WKH WUDQVSRUWDWLRQRI JRRGV VHH)LJXUH'ULYHUV¶ )HHGEDFN7KH







GHOLYHULHV:KHUHDV DW WKH EHJLQQLQJ W VKLIWPDQDJHUV YRLFHG WKH RSLQLRQ WKDW D SXEOLF LQIUDVWUXFWXUH





$V IDU DV ORUULHV DUH FRQFHUQHG WKHLU URXWH SDWWHUQ LQFOXGHV ORQJHU GLVWDQFHV IRU GHOLYHULHV DQG ERWK
VKLIWPDQDJHUVDVZHOODVGULYHUVPHQWLRQHGWKHIDFWWKDWOLPLWDWLRQRIPLOHDJHZRXOGUHVXOWLQDOLPLWDWLRQ
RI WKH XVH RI HOHFWULF YHKLFOHV XQOHVV UHFKDUJLQJ IDFLOLWLHV ZHUH SURYLGHG 7KH SLORW SURMHFW UHIOHFWHG




WKDW WKH\ IHOW WKDW WKH UHGXFHG HPLVVLRQV QDPHO\ QRLVH DQG H[KDXVW HPLVVLRQV ZHUH DQ DSSUHFLDWHG
LPSURYHPHQW WR WKH YHKLFOHV DQG HVSHFLDOO\ WKH GULYHUV¶ UHDFWLRQV ZHUH JHQHUDOO\ YHU\ SRVLWLYH DQG
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HQWKXVLDVWLF$VIDUDVWKHSRVLWLYHLPSDFWRQHPLVVLRQLVFRQFHUQHGLWLVWREHH[SHFWHGWKDWDFKDQJHWR
)(9V IRU XUEDQGHOLYHULHV KROG WKHSRWHQWLDO RI FRQWULEXWLQJ WR DQ HPLVVLRQGHFUHDVH$FFRUGLQJ WR WKH
VXUYH\&(3VHUYLFHVKDG WR VWRSEHWZHHQDQGDOPRVW  WLPHVDGD\RQ WKHLUGHOLYHU\ URXWHV:LWK
HPLVVLRQV RI WUDGLWLRQDO GLHVHO IXHOOHG HQJLQHV LQFUHDVLQJ HVSHFLDOO\ GXULQJ WKH HQJLQH VWDUW DQG GXULQJ
DFFHOHUDWLRQ SURFHVVHV D FRQVLGHUDEOH HIIHFW LV WR EH H[SHFWHG RQ WKH RYHUDOO HPLVVLRQV ZLWKLQ D FLW\















































UHSODFHPHQW RI WUDGLWLRQDO HQJLQHV E\ HOHFWULF HQJLQHV %RWK SDUWLHV H[SHFW WKDW UHJXODWLRQV VKRXOG EH
DPHQGHG IRU HOHFWULF YHKLFOHV WKH\ VKRXOG EH DOORZHG WR XVH EXV ODQHV DQG UHOD[HG GHOLYHU\ WLPHV IRU
SHGHVWULDQDUHDVVKRXOGEHLPSOHPHQWHGIRUWKHP




DQG TXHVWLRQQDLUHV UHYHDOHG PDQ\ &(3 GULYHUV FRPELQH VWRSV IRU VHYHUDO FXVWRPHUV E\ SDUNLQJ WKHLU
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YHKLFOH LQ RQH ORFDWLRQ DQG FDUU\LQJ WKH SDUFHOV E\ KDQG WR WKHLU ILQDO GHVWLQDWLRQ $V D FRQVHTXHQFH
GHGLFDWHGFHQWUDOO\ORFDWHGSDUNLQJED\VYHKLFOHVFRXOGEHUHFKDUJHGDW OHDVWSDUWO\UHFKDUJHVZRXOGEH
IHDVLEOH LI GHGLFDWHG SDUNLQJ ED\V ZLWK UHFKDUJLQJ IDFLOLWLHV ZHUH DYDLODEOH 7KHUHIRUH FXVWRPHUV DQG
QHLJKERUVZKHUHDVNHGGXULQJWKHLQWHUYLHZVZKHWKHUWKH\ZRXOGDFFHSWVXFKGHGLFDWHGSDUNLQJED\VDV
WKH\PLJKWWDNHXSFXUUHQWO\SXEOLFO\DYDLODEOHSDUNLQJVSDFH












$OO LQ DOO LW FDQ WKHUHIRUH EH VXPPDUL]HG WKDW JHQHUDOO\ VSHDNLQJ )(9V DUH D YDOLG DOWHUQDWLYH WR
WUDGLWLRQDOFRPEXVWLRQHQJLQHVIRU&(3XUEDQVHUYLFHV,QUHJDUGVWRORUULHVDQGWKHLUXVHIRUGHOLYHULHV
DFWXDOEDWWHU\UDQJHVVWLOOOLPLWWKHXVHRI)(9V+\EULGWHFKQRORJ\LVFRQVLGHUHGDQDWWUDFWLYHDOWHUQDWLYH
WKRXJK5HFKDUJLQJ IDFLOLWLHV LQ SXEOLF VSDFHV DQG HQ URXWHZRXOG EHZHOFRPH E\ WKH GHOLYHU\ VHUYLFH
SURYLGHUVLQRUGHUWRDGGIOH[LELOLW\WRWKHXVHRI)(9V7KHFXUUHQWLQIUDVWUXFWXUHGLGQRWOLPLWWKHSLORW
SURMHFWWKRXJK0RVWFXVWRPHUVZRXOGEHSUHSDUHGWRSRZHUVXSSO\VWDWLRQVDVORQJDVWKH\GRQ¶WEORFN
WKH IURQW ZLQGRZV RI WKHLU VKRSV 1LJKWWLPH GHOLYHULHV DUH DOUHDG\ SDUW RI FXUUHQW SUDFWLFH IRU IUHLJKW
IRUZDUGHUV DQG&(3V FXVWRPHUVZRXOG QRW DSSUHFLDWH WKHP$ UHOD[DWLRQ RI DFFHVV WR SHGHVWULDQ DUHDV
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ZRXOGEHZHOFRPHWKRXJK
7UDQVIHUDELOLW\
7KH YHKLFOHV WHVWHG ZHUH &(3 VHUYLFH YHKLFOHV DQG VPDOO ORUULHV WKXV EHLQJ UHSUHVHQWLQJ D YHU\
VSHFLILFFDVHRILQQHUXUEDQORJLVWLFV&RPSDQLHVOLNHWKRVHLQYROYHGLQWKHSURMHFWDUHWREHIRXQGLQDOO
XUEDQ DUHDV WKRXJK IUHLJKW IRUZDUGHU DQG &(3 VHUYLFHV 7KH JHQHUDO VHWWLQJ RI WKLV SLORW VXJJHVWV
WKHUHIRUHWKDWUHVXOWVDUHWUDQVIHUDEOHWRRWKHUPDMRUXUEDQDUHDVLQ*HUPDQ\DQGZHVWHUQDJJORPHUDWLRQV
DVVXFK,WZRXOGEHLPSRUWDQWWKRXJKWREHDULQPLQGWKDW6SHFLILFUHVXOWVUHODWHGWRXVHUDFFHSWDQFHDQG





DZD\ WKDW LW H[FOXVLYHO\FRQWDLQV ULJKW WXUQVDQGDYRLGLQJDQ\ OHIW WXUQ'HVSLWH WKHVHGHWDLOV WKHEDVLF
FKDUDFWHULVWLFV RXWOLQHG UHPDLQ XQFKDQJHG UHODWLYHO\ VKRUW GDLO\ GLVWDQFHV WKDW QHHG WR EH FRYHUHG




GHOLYHU\ FRPSDQLHV EXW DOVR WR RWKHU VHUYLFHV ZLWKLQ XUEDQ DUHDV 7KLV FRXOG EH IRRG DQG EHYHUDJH
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LPSURYHPHQWRI LQQHUXUEDQ WUDQVSRUWDWLRQV V\VWHPV$VDQRXWFRPH LW FDQ WKHUHIRUHEH FRQFOXGHG WKDW







7KLV FRXOG EH GRQH LQ WKH IRUPRI IXUWKHU WHVW FDVHV LQ RWKHU FLWLHVZLWK RWKHU IRUPV RI VHUYLFHV RU LQ
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